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CLAIMS 



(57) [Claim(s)] 

[Claim 1] The light source which carries out outgoing radiation of the light by which elliptically 
polarized light was carried out, and the polarizer which makes light from this light source the linearly 
polarized light, A means to rotate this polarizer to the circumference of an optical axis, and the 
optical frequency modulator which attaches the difference of beat frequency between polarization of 
the direction of X, and the direction of Y to the light from said polarizer, The analyzer which makes 
the component of the predetermined polarization direction of the light by which outgoing radiation is 
carried out from this optical frequency modulator penetrate, The optical property measuring device 
which is equipped with the photodetector which detects the light which had this analyzer penetrated 
as quantity of electricity, and a means to detect the phase of the AC signal of quantity of electricity 
detected with this photodetector, and to perform a predetermined operation, and is characterized by 
carrying out insertion arrangement of the sample in the preceding paragraph or the latter part of said 
optical frequency modulator. 

[Claim 2] A means for the light source to consist of frequency stabilization laser which carries out 
outgoing radiation of the laser beam of the linearly polarized light, and a quarter-wave length plate 
which makes this laser beam by which outgoing radiation is carried out the circular polarization of 
light, for a polarizer and an analyzer to consist of Glan-Thompson prisms, for an optical frequency 
modulator to consist of optical frequency shifters, and for a photodetector to consist of photodiodes, 
and to detect a phase is the optical property measuring device of claim 1 which it comes to consist of 
a current potential converter, a phase meter, or a computer. 

[Claim 3] The optical frequency modulator which attaches the difference of beat frequency between 
polarization of the direction of X, and the direction of Y to the light of elliptically polarized light, The 
analyzer which makes the component of the predetermined polarization direction of the light by which 
outgoing radiation is carried out from this optical frequency modulator penetrate, The optical property 
measuring device characterized by having the photodetector which detects the light which had this 
analyzer penetrated as quantity of electricity, and a means to detect the phase of the AC signal of 
quantity of electricity detected with this photodetector, and to perform a predetermined operation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the measuring device for measuring the optical 
property for performing optical properties, such as dichroism including the birefringence needed in 
case an optical disk substrate, the liquid crystal orientation film, etc. are inspected, optical activity, 
and circular dichroism, analysis of a elliptically-polarized-light (perfect circle polarization is included) 
condition, etc. 
[0002] 

[Description of the Prior Art] Generally minute birefringence measurement is measurement required 
for inspection of an optical disk substrate or the liquid crystal luminous-intensity-distribution film 
among the optical properties of an optical element. There are a phase modulation measuring method 
using the photoelasticity modulation element as such a minute birefringence measuring method and a 
heterodyne measuring method using horizontal ZEMAN laser. Here, an example of a measuring method 
which used horizontal ZEMAN laser is explained with reference to drawing 6 . The horizontal ZEMAN 
laser 101 carries out outgoing radiation of the two linearly polarized lights which intersected 
perpendicularly. Oscillation frequencies differ by the frequency to which these two linearly polarized 
lights are called beat frequency. 

[0003] A part is reflected by this laser beam in a half mirror 102, incidence is carried out to a half- 
wave plate 103, by this half-wave plate 103, the polarization direction changes and incidence of the 
penetrated laser beam is carried out to a sample 104 on it. The laser beam which penetrated the 
sample 104 has a polarizer 105 passed, and is detected in a detector 106. Moreover, the laser beam 
reflected by said half mirror 102 is detected in the detector 107 for reference signs, after letting a 
polarizer 108 pass. And in a phase meter 109, the phase comparison of the signal detected in each 
detector 106,107 is carried out. 

[0004] Here, the AC signal which consists of beat frequency is included in the signal detected with 
the detector 106, and the phase of this beat frequency shifts by the birefringence of a sample. Then, 
the phase of beat frequency is compared in a phase meter 109 to a reference sign, and the amount of 
birefringences of a sample can be calculated based on this phase contrast. 

[0005] In this case, in order to measure the minute birefringence of a sample, it needed to measure 
changing incidence polarization bearing and sample side bearing, and rotating the sample itself until 
now was performed. However, since it is made difficult to rotate a sample as a sample is enlarged, 
rotating incidence polarization bearing came to be performed. As an approach of rotating this 
incidence polarization bearing, rotating a half-wave plate 102 to the circumference of an optical axis 
is performed with said measuring device. In this case, there is a half-wave plate 102, and when 
include-angle (theta) rotation is carried out, two times will carry out include-angle (2theta) rotation of 
the outgoing radiation polarization from a half-wave plate. Thus, rotating incidence polarization bearing 
to a sample side is performed by rotating a half-wave plate 102. 
[0006] 

[Problem(s) to be Solved by the Invention] However, generally it sees and a half-wave plate has the 
problem that the phase precision is low. A half-wave plate brings about 180-degree phase contrast 
between polarization of phase leading shaft bearing, and polarization of lagging-axis bearing, and if this 
phase contrast is 180 degrees correctly, it can acquire the outgoing radiation linearly polarized light 



turning around the incidence linearly polarized light. However, when it shifts from 180 degrees, 
outgoing radiation light turns into elliptically polarized light, and becomes unsuitable for the above 
mentioned measurement in this way at a case. Usually, the phase precision of a half-wave plate is 
about 1 degree, and an error produces it in the amount of birefringences measured by this phase 
precision. Especially the amount of birefringences of the optical disk substrate as a sample or the 
liquid crystal orientation film to measure is 1 degree or less in many cases, and measurement of a 
minute birefringence becomes impossible according to the phase error of such a half-wave plate. 
[0007] Moreover, on the other hand, if the revolving shaft and optical axis of a half-wave plate are not 
correctly in agreement, the phase error by the half-wave plate becomes less fixed, and an error arises 
in the amount of birefringences measured by this cause. Furthermore, the oscillation light of 
horizontal ZEMAN laser shifts from the linearly polarized light, and may elliptically-polarized-light-ize. 
This elliptically-polarized-light-ization is not strongly influenced in the condition of laser oscillation 
tubing, and does not necessarily become fixed each time at the time of measurement at each time. 
This ovality serves as a measurement error and it becomes impossible to measure the amount of 
birefringences of a sample correctly. 
[0008] 

[Objects of the Invention] The purpose of this invention is to offer the measuring device which can 
measure optical properties, such as the minute amount of birefringences and minute dichroism of a 
sample, optical activity, and circular dichroism, correctly and with high precision. Moreover, other 
purposes of this invention are to offer the measuring device for measuring the optical property for 
analyzing a elliptically-polarized-light condition. 
[0009] 

[Means for Solving the Problem] The 1st measurement technique for measuring the above mentioned 
optical property in this invention Make into the linearly polarized light with a polarizer light by which 
elliptically polarized light was carried out, and incidence of this linearly polarized light is carried out to 
a sample and an optical frequency modulator. It is based on measuring the amount of birefringences 
of a sample based on the phase of the AC signal detected with the photo detector, a photodetector 
detecting the light by which outgoing radiation was carried out from these through an analyzer, and 
rotating said polarizer to the circumference of an optical axis. 

[0010] Drawing 1 is drawing showing the basic configuration of the 1st measuring device of this 
invention, from the light source 1, carries out outgoing radiation of the light L by which elliptically 
polarized light was carried out, and makes light L of this elliptically polarized light the linearly polarized 
light with a polarizer 2. As for this polarizer 2, it is possible to make it rotate to the circumference of 
an optical axis with the rotation means 3. And incidence of the light from this polarizer 2 is carried out 
to a sample 4, and incidence of the light which penetrated the sample 4 further is carried out to the 
optical frequency modulator 5 which attaches the difference of beat frequency between polarization 
of the direction of X, and the direction of Y. And an analyzer 6 is made to detect the component of 
the linearly polarized light of the predetermined direction of the light by which outgoing radiation is 
carried out from this optical frequency modulator 5, and a photodetector 7 detects by making into 
quantity of electricity light which had this analyzer 6 penetrated. The amount of birefringences of a 
sample is measured by detecting the phase of the AC signal of quantity of electricity detected with 
said photodetector 7 in the phase meter 8, and performing a predetermined operation in an 
appropriate top. 

[0011] On the other hand, in this invention, the 2nd measurement technique for analyzing the 
condition of elliptically polarized light is based on analyzing the condition of elliptically polarized light 
based on the phase of the AC signal which detected with the photodetector the light which was made 
to penetrate an optical frequency modulator and was penetrated in the light of elliptically polarized 
light through the analyzer, and was detected with this photodetector. 

[0012] Drawing 2 shows the basic configuration of the 2nd measuring device of this invention. Namely, 
a photodetector 7 detects the light LX of the elliptically polarized light which is the measuring object- 
ed by making into quantity of electricity light which made the component of the linearly polarized light 
of the predetermined direction of the light by which incidence is carried out to the optical frequency 
modulator 5 which attaches the difference of beat frequency between polarization of the direction of 
X, and the direction of Y to this light, and outgoing radiation is carried out from this optical frequency 



modulator 5 penetrate with an analyzer 6, and had this analyzer 6 penetrated. And it becomes 
possible to analyze the condition of elliptically polarized light by detecting the phase of the AC signal 
of quantity of electricity detected with the photodetector 7 of a phase meter 8 smell lever, and 
performing a predetermined operation. 
[0013] 

[Function] The example which measures the amount of birefringences of a sample using the 1st 
measuring device shown in drawing 1 is explained. Elliptically polarized light penetrates a polarizer 2 
and let it be the linearly polarized light the circular polarization of light from the light source 1 or the 
light of elliptically polarized light, and here. This linearly polarized light is shown by (several 1) when 
Jones PEKUTORU is used. 
[0014] 
[Equation 1] 

l Ay J 

Here, Ax and Ay are the amounts of the real number decided by elliptically polarized light by which 
incidence is carried out. 

[0015] Incidence of this linearly polarized light is carried out to a sample 4 and the optical frequency 
modulator 5 one by one. As shown in (several 2), if the amount of birefringences of a sample 4 is set 
to delta, the optical Jones vector of the linearly polarized light by which incidence was carried out to 
the sample 4 will be calculated. 
[Equation 2] 

rcxp (iff) 0 -J f Ax-j 

^ 0 1 J UyJ 

[0016] Then, incidence is carried out to the optical frequency modulator 5, and a beat frequency 
omega difference is attached between polarization of the direction of X of the linearly polarized light, 
and the direction of Y. If phase contrast by the optical frequency modulator 5 at this time is set to 
omegat, it will be calculated as shown in (several 3). 
[Equation 3] 

rexp (l«t) Ow exp (iff) 0, rAxi 
I 0 1 J I 0 1 J '-Ay-' 

[0017] Then, the analyzer 6 adjusted in the direction of 45 degree is passed. The change by this is 
calculated as shown in (several 4). 
[Equation 4] 



1 1 

2 2 
1 1 



exp (Iwt) Owexp(lff) OwAx> 
• o 1 ' I 0 l'^Ay^ 



Therefore, the amount of transmitted lights detected in a photodetector 7 is expressed with (several 
5). 

[0018] 
[Equation 5] 

Ax 4 Ay' 

-AxAy 'cos (<5+<yt) H ^ 

2 2 

[0019] From now on, it will turn out that the amount of transmitted lights has the AC signal of a 
frequency omega. Moreover, the amount delta of birefringences of a sample 4 can be measured by 
measuring the phase contrast of this AC signal in a phase meter 8. 

[0020] Moreover, the 2nd measuring device shown in drawing 2 explains the 2nd measuring method. 
Since the sample does not exist, the above mentioned amount delta of birefringences is set to 0, and 
the amount of transmitted lights is decided by the component of the elliptically polarized light by 



which incidence is carried out. From this, if time amount change of the transmitted light is measured, 
Ax and Ay can be determined. Therefore, it becomes possible to determine the condition of the 
elliptically polarized light of arbitration. However, it is necessary to take the phase contrast of Ax and 
Ay into consideration in this case. 

[0021] That is, the elliptically polarized light made applicable to analysis is written as shown in 
(several 6). 
[Equation 6] 
j- t an£ • e lA j 

[0022] Here, if phi and delta are determined, a elliptically-polarized-light condition can be analyzed. 
Then, count of being the same as that of the case of the 1st measuring method (several 7) is 
performed. 



[Equation 7] 
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[0023] Consequently, the amount of transmitted lights is calculated as shown in (several 8). 
[Equation 8] 

s i n3tf + s i n# 1 

cos tot +A) = 

2 c o s 4> (] -c o s 2<t>) l + cos20 

[0024] From this, delta can be determined by measuring the phase contrast of the AC signal of the 
amount of transmitted lights. Moreover, phi can be determined by measuring the ratio of an AC signal 
and a direct current signal. Therefore, it becomes analyzable [ a elliptically-polarized-light condition ]. 
[0025] 

[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 3 is 
drawing showing the example of the 1st measuring method and a measuring device. In this 
configuration, the frequency stabilization HeNe laser 1 1 (Japanese science engineering company 
make, MODEL-430) with an oscillation wavelength of 633nm was used as the light source 1. Laser 
oscillation light is the linearly polarized light. The phase leading shaft of the quarter-wave length plate 
12 which consists of a quartz plate has been arranged so that the location of 45 degrees may be 
made to linearly polarized light bearing of laser oscillation light. The outgoing radiation light from the 
quarter-wave length plate 12 turns into the circular polarization of light. Incidence of this outgoing 
radiation light is carried out to Glan-Thompson prism 2 which is a polarizer. This Glan-Thompson 
prism can make it rotate with the stepping motor 3 which is a rotation means. 

[0026] What carried out rubbing of the rubbing orientation film (the Japan Synthetic Rubber Co., Ltd. 
make, AL1051), i.e., the polyimide thin film which formed membranes on the glass substrate, with the 
rayon cloth as a sample 4 which is a device under test was used. This sample 4 is attached for 
example, in a sample stage, and incidence of the laser beam is carried out. Furthermore, the optical 
frequency shifter 5 (the product made from Hoya-SCHOTT, W-210) controlled by the controller 13 as 
an optical frequency modulator was used. 50kHz was chosen as beat frequency. 

[0027] Incidence of the outgoing radiation light from the optical frequency shifter 5 was carried out to 
Glan-Thompson prism 6 which is an analyzer, and incidence of the outgoing radiation light from it was 
carried out to the silicon photodiode 7 which is a photodetector. After letting the photocurrent of a 
photodiode 7 pass to the current potential converter 14 (case lei company make, 428 molds) and 
changing into an electrical potential difference, the reference sign of a phase meter 8 inputted into 
the phase meter 8 (the product made from DORANETTSU, 305C) was supplied from the controller 13 
of the optical frequency shifter 5. The analog output of a phase meter 8 was inputted into the 
voltmeter 15 (case lei 2001 mold). 

[0028] Concrete measurement measured the output of a voltmeter 15, rotating Glan-Thompson prism 
2 with a stepping motor 3, before inserting a sample 4. Then, the sample 4 was inserted and same 



measurement was performed. And the difference of two measurement results was searched for. A 
result is shown in drawing 4 . Thus, the result which shows change with the period of two times to 
one revolution of Glan-Thompson prism 2 as a polarizer was obtained. The amplitude of this two- 
times period is about 0.4 degrees. From now on, it turned out that the amount of birefringences of the 
measured rubbing orientation film is 0.4nm. 

[0029] Moreover, since the degree of polarization of the polarizer which consists of Glan-Thompson 
prisms 2 is very high according to this example, the error by phase precision [ as / in a half-wave 
plate ] being low does not occur. Furthermore, since it is not necessary to give a modulation function 
to the light source 1 which outputs a laser beam, the measurement stabilized without being based on 
the polarization condition of a laser light source is attained. 

[0030] In addition, although incidence of the light from a polarizer 2 is previously carried out to a 
sample 4 in said example and then incidence is carried out to the optical frequency modulator 5, 
incidence is previously carried out to this reverse at the optical frequency modulator 5, and incidence 
may be made to be carried out to a sample 4 behind. 

[0031] It is using the 2nd measuring device of above mentioned this invention, and adding a polarizer 2 
to this like the 1st measuring device, and drawing 5 is drawing showing the example which enabled 
measurement of the amount of birefringences of a sample 4 while it analyzes a elliptically-polarized- 
light condition. The light from the frequency stabilization HeNe laser 1 1 (Japanese science 
engineering company make, MODEL-430) with an oscillation wavelength of 633nm passes the quarter- 
wave length plate 12, is made into elliptically polarized light, passes Glan-Thompson prism 2 which is a 
polarizer on it, and is taken as the linearly polarized light. 

[0032] Then, the front face of a sample 4 is made to carry out incidence of the laser beam at 70 
degrees of incident angles. Incidence polarization bearing at this time is adjusted so that it may 
become the include angle of 45 degrees from the plane of incidence of a sample 4. The reflected light 
from a sample side passes the optical frequency shifter (the product made from Hoya-SCHOTT, S- 
210) 5 as an optical frequency modulator. As a sample 4, the thin silicon oxide which formed 
membranes on the surface of the silicon wafer is used. After the reflected light of a sample passes 
Glan-Thompson prism 6 which is an analyzer, incidence of it is carried out to the silicon photodiode 7 
as a photodetector. 

[0033] Furthermore, the photocurrent detected with the silicon photodiode 7 is changed into an 
electrical potential difference by the current potential converter (case lei company make, 428 molds). 
This voltage waveform is recorded with a storage oscilloscope 16. It analyzes by inputting this 
recorded voltage waveform into a personal computer 17. 

[0034] Consequently, as shown in (several 8), a voltage waveform consists of a dc component and an 
alternating current component, and can determine delta as 270 degrees by reading the phase contrast 
of the alternating current component before and behind sample insertion. Furthermore, phi can be 
determined as 74 degrees by asking for the amplitude of an alternating current signal component, and 
the ratio of a direct current signal component. And according to count of the usual ellipsometry, the 
thickness of silicon oxide has been determined as 150nm from this phi and delta. 
[0035] 

[Effect of the Invention] As explained above, according to the 1st measuring device of this invention, 
light by which elliptically polarized light was carried out is made into the linearly polarized light with a 
polarizer. A photodetector detects the light by which was made to carry out incidence of this to a 
sample and an optical frequency modulator, and outgoing radiation was carried out from these through 
an analyzer. And optical properties including the birefringence of a sample can be measured by 
measuring the amount of birefringences of a sample based on the phase of the AC signal detected 
with the photodetector, rotating a polarizer. A half-wave plate becomes unnecessary by this, and the 
error of the amount of birefringences to measure can be reduced. 

[0036] As opposed to the light source which carries out outgoing radiation of the light to which 
elliptically polarized light of the 1st measuring device of this invention was carried out Moreover, a 
polarizer pivotable to the circumference of an optical axis, The optical frequency modulator which 
attaches the difference of beat frequency between polarization of the direction of X, and the direction 
of Y to the light from a polarizer, The analyzer which makes the component of the predetermined 
polarization direction of the light by which outgoing radiation is carried out from this optical frequency 



modulator penetrate, By having the photodetector which detects the light which had this analyzer 
penetrated as quantity of electricity, and a means to detect the phase of the AC signal of quantity of 
electricity detected with this photodetector, and to perform a predetermined operation Optical 
properties including the amount of birefringences of the sample which carried out insertion 
arrangement can be measured with high precision in the preceding paragraph or the latter part of an 
optical frequency modulator. 

[0037] Here, with constituting from frequency stabilization laser which carries out outgoing radiation 
of the laser beam of the linearly polarized light for the light source, and a quarter-wave length plate 
which makes this laser beam by which outgoing radiation is carried out the circular polarization of 
light, the stable efliptically polarized light can be outputted and the accuracy of measurement can be 
raised. Moreover, high polarization of degree of polarization can be acquired with constituting a 
polarizer from a Glan-Thompson prism, and the measurement error by phase precision like a half- 
wave plate does not occur. 

[0038] According to the 2nd measuring device of this invention, the condition of elliptically polarized 
light is analyzable by a photodetector detecting the light which was made to penetrate an optical 
frequency modulator and was penetrated in the light of elliptically polarized light through an analyzer, 
and detecting ****** of an AC signal with this photodetector. 

[0039] Moreover, the optical frequency modulator with which the 2nd measuring device of this 
invention attaches the difference of beat frequency between polarization of the direction of X, and 
the direction of Y to the light of elliptically polarized light, The analyzer which makes the component 
of the predetermined polarization direction of the light by which outgoing radiation is carried out from 
this optical frequency modulator penetrate, It can do [ analyzing the condition of elliptically polarized 
light, or ] by having the photodetector which detects the light which had this analyzer penetrated as 
quantity of electricity, and a means to detect the phase of the AC signal of quantity of electricity 
detected wjth this photodetector, and to perform a predetermined operation. Moreover, it is also 
possible to perform the 1st measuring method by adding a polarizer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the basic configuration of the 1st measuring method of this 
invention, and a measuring device. 

[Drawing 2] It is drawing showing the basic configuration of the 2nd measuring method of this 
invention, and a measuring device. 

[Drawing 3] It is drawing showing the configuration of one example of the 1st measuring device of this 
invention. 

[Drawing 4] It is drawing showing an example of the measurement result by the 1st measuring method 
of this invention. 

[Drawing 5] It is drawing showing the configuration which applies the 2nd measuring device of this 
invention and performs the 1st measuring method and 2nd measuring method. 

[Drawing 6] It is drawing showing the configuration of an example of the conventional double tropism 
measuring device. 
[Description of Notations] 

1 Light Source 

2 Polarizer 

3 Rotation Means 

4 Sample 

5 Optical Frequency Modulator 

6 Analyzer 

7 Photodetector 

8 Phase Meter 

1 1 Frequency Stabilization HeNe Laser 

12 Quarter-wave Length Plate 

13 Controller 

14 Current Potential Converter 

1 5 Voltmeter 

16 Storage Oscilloscope 

17 Personal Computer 
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DRAWINGS 



[Drawing 1] 




[Drawing 6] 




[Drawing 2] 
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mmz&zz tfrssmx'h&a zvx, z<Dmyt?2fr 

[ooii] *»?«^*sv^T, fflR^7t©^ffi^ 



[0012] 02 fi#3BiE ©# 2 ©PJ£=j£g©g»/& 

^$nfc5t^mm»^ l t^us 7 kj: wait- 
's, ^lt, ffi#w-8fcfcv^^©*»w«7-e^ai$ 

So 

[0 0 13] 

fcfifllRfiift©*. CCT'f^RfefcfiMi^^igi® 

*l>/v£ffl^<5^ (icl) T'^ftS, 
[0014] 
[ffel] 

( AX ) 
L Ay J 



!3) #|F27 13190 

6 

*zzx\ Ax, Ayii. AJH^ti5IRl*tJ:o-c^ 

[0 0 15] c©a,H{i^{i, Wft4fc.fctWS«ft« 
W«5Jc«gftA*r*n5. l*^4©aJBJf*Sr8i:i-5 
fc, TO4!^A^$tLfcSM)t©)tv : 3->X^^ h 
/Wi (»2) ©J;9(if+3l$ti5 0 

[f[2] 

r exp (i 5) 0 i i-Ax-, 
1-0 1 > UyJ 

10 

[0 0 16] z.(D'&^ ^ft*£f|«5teA*t£n, it 

^«©X^[6ji:Y^©ii^jrt'- hAttSfcuHd* 

£a>t (*3) ©J:5ttHlt$*t6o 

lies] 

rexp (iwt) Oweip (H) 0. rAx, 
' 0 J I 0 J UyJ 

[ooni^i, 4 5° xfa^mmtsHtz&ytTe 

20 *iiig1-s 0 (84) 
[«4] 



exp (l<at) 0-. f exp < 1 <5) CK 



l Ay J 



(*fc5) T'il$ix5 0 
[0 0 18] 
[*5] 

Ax" Ay' 

— AxAy 'cos (5+0)t) + + 

2 2 

[0019] c*ua»e>, aii3t*tt»afe*fl)©SEj5tft-» 40 

SrtociASWSo i©5E«ft ^©te*lM£tefB 

[0 0 2 0] Sfc, 0 2lC^LfcSS2©»J^»^«tf3 
ffi 2 ©M3£*jfeftittlBi-S. L-tv^fc 
to, MIELfciiJS^f*6{i0 tJfcU, giSttfiliAWS 



©«rW«fl;*j|||S&i-*utf, Ax, AyiSftStfS. L 
[0 0 2 1 ] gp*,. MlttSfflRMS: (»6) 

©«t^ic^|Ei-s 0 

[*6] 

r tan* • e lA 1 



[0 0 2 2] CCT\ ♦£A#ft£$frfttf, ftRflitt 

©*§£•£ (ft 7) ©f+|S£fH 0 

[»7] 



(4) 



WR 2 7 13 19 0 



exp C i cu t > 0 w t an0 • e ,A 
0 J <■ 1 



[0 0 2 3] i§iift*l± (£8) ©£5iC# * [&8] 



s i n 3 <t>+ s i n 0 
2 co C3-cos2 0) 



-cos tot +A) = - 



l+cos20 



[0 0 2 4] 8iB*tt©a*f&5-©lfcffig& 
[0 0 2 5] 

-T5o H 3 fiH 1 ©MfefrftStfHfcMoAffW** 

f 6 3 3 n m©^«^{tH e N e U-f 1 1 (0* 
ft^xyj;=7!)y» MODEL-4 30) 20 

{illSLT4 5° ©ffiBSr*i-«t9ldE|lLfc„ 1/4 

ii^-efc 6 ^7 v h a y v/ y xa 2 ic AW £-£6o 
;»^7yhAyyyyXA|j:0fe¥fK'i)5^r5/t° 

[0 0 2 6 ] MJj^tlTfc 51**44 t LT, 7t'V^gB 
KkHR. 1-**3*,^f7^£«±^i«IBiLfcjJ?y>f 5 KMX 

(B#£*J#=*Mt!K, ALIO 5 1) ^l/-3y$f7 30 
^LfctOtfflV^ £ ©f**M *. fit*** X T 

-^»U#tfC. u-if'ft&AlfS-frSo ftffl 
Kft£*Mg£ Ltnyhn-7 l 3 «t D »P$ti5ft 

Ei£$Cv'7*5 (HOY A — S CHOTTttS, W- 2 
10) «:fflV\fc. e-«tHT5 0KHz^lA/ 

[0 0 2 7 ] %MfflSl'>7 9 5frh<r>mit%*:toft*V 
fo5^7> hAyyyy XA6KAtt£it, 

Atf£-£/c 0 7* h^Vai— K7©ft«SEtt. ®?5fc«fiE 40 
»14 (^KttJL 4 2 8 SO fcilLTffi/E 

t«»Lfc!t. fefSf+8 ( K7^7 7ttS, 3 0 5 C) 
myj^lli±f+15 (4r-*W 2O01S) [CA^t 

[0028] Affw*afl^tt, m\A*mxm^7-y 

hAyyyyXA2^^r-n>^-^3lcj:^@fe 
$tfft#&SJEfM 5©fcH;*j£8J£L.fc 0 C©&, 
4^SAL> |W]«l©$J5££fTofc 0 ^LX, 2o©gij5£ 50 



3t^t LT®^7yhAyy^UXA2W-[H]ML 

J5»]©ig*Sli0. 4° gST*fo5 0 C*ia»P>, S'JfcLfc 
7 bV^6ElP]Je©lgJEJJrSJi0. 4nmT'fo5:^ffl 
ofc 0 

[0029] £©3Q6«!lfcJ:*tff, ^yhAV 

[oo3o] tet$ s mmmMmx'itmyt^- 2 

5fe^«^4 Alt $K iW^JS]»£flf§ 5 (CA#t£ 

ti, ^^f*^4lcAlt$ti-5J;5i-tT i b«tv\ 
[0 0 3 1 ] H5f4flttBL,fc*»M©JB2©lll^KflSr 

jpjffl u r^ss 1 ©aisKafcra*!^*^ 2 zmu 

©IgJSJff ■:©»££ ^tmc Lfc5«at«S:*i-BlT?!b5. 

M&g 6 3 3 n m©j3fc#££{bH e N e If 1 1 
(B^xyyn7!Jy», MODEL- 4 3 
0) frb<D?t\X 1/48*«1 2£iIiiLTffiRM 

2£aig$««Mi7fci:-f£c 

[0 0 3 2)^(7)1, U-1fft£TO4©^ffi^A*MI 
7 0° T*A#t£-£5 0 IOi:§OAWfift*fiSrttS4 
©AWffi^4 5° oftfit45«t5t«»1-5. 1**4 
iBi»e>oSilt*tt*«»ttaE*l»i LX<D3t®fcmi/y 

$ (HOYA— SCHOTT t±$!i, S-2 10) 5 £il 

7t^-T'fc?)^7>'hAy^7 0 yXi,6^iiigL/cm, Tfe 
LT©v/y 377^- h^W*- K7l^Att£ft 

[0 0 3 3] Sir. •>y3>7^hm-K7t^ffl 

$ ftfc 7t®?5ma;Mmra^ (^-^^tts, 42 

8 S) KJ:o-CWEfc3EtfcSii5. ^©ttJ±i£f££* h 
U'-v?^-v'o^=r-7°l 6T*fB^i-S„ ^©fS^Lfc® 



9 

[0034] ziomsk. m8) frhwzzoiz^ mi± 

k&fc-tZZiitf-ZZZo %Mi^Mft<DMmk 
t5Cii s ^5, ^LT, ii^^^y^y^ hy©i+ 

5 0 nmifct'C'^fco. 

[0 0 3 5] 10 

[3£91©3&m] Ei±KW tfccfc 5 tw**M©|B 1 ©SO^ 

IBJfeiU Cix*fW*iJ:tJf*S»«SS5il»I^A«$ 

#5<, 20 
[0 0 3 6] Sfc, *«lfl©»l©jB!|!&»*tt, ffiHfiS 
*$Hfc3t*Ui^S**itw#U-C3t*fcleI!Jl-lEl(g'3riB 
fcflfet*^ {lft^6©fttc*}LTX^[6]^Y2rf6j© 

c©*««[Sic*ii«*»e>ttj*fsns*o0f^fii3t*iRi© 

a*^tt!til:t^H*E«Lfc»W©*J!B*fl:S:*&»i>fc-t- 30 
[0 0 3 7] ::-e, *«Srtt»ffl360U-lP*S:lWt 

■tzmforngfeiti'— ft. r©m»sit5^-if3feS: 

[0 0 3 8] #S8E©8 2 (0«g gg^J:ixa . ffiRil 40 



2 7 1 3 1 9 0 

10 

[0039] sfc. **w©*2©aaje»Bii. i«r{is 
[bi i ] *389!©$s i ©a^*fet sij^e©s*«^ 

[EI 2 ] #3g?H©8S 2 ©SiJ^fe £ H£gft0£*#!j$ 

[83] #38?u©i6 i (omizmmv-nmmmz^ 

[84] *«W©»i©«S*tefcJ:5aiJEISJ|l<oHW 
[HI 5 ] #!SPJ©Sg 2 ©$ij£gg£j£ffl LTm 1 ©$'J/£ 
[1216] f£*ottJBtt«ifeKBO-«©«li«S:*i-H-C 

1 3t« 

2 filftT- 

3 mz&WL 

4 tm 

5 %mmmwm 

6 

7 AttffilS 

1 1 Hft«fcgcJ£{fcH e N e U-U* 

12 1/4 

13 h d— 7 

1 4 S«ESJE£ft£ 

1 5 HJ±f+ 

16 ^Hz-^p^^-/ 

17 /^-yt/^yfa-? 



(6) 



WfflF 2 7 13 19 0 




(8) 



^27 13 190 



im3] 



& 

m 

i 



as 
mm 



-8 



5fe 

S 



(9) 



4$!^ 2 7 13 19 0 



[05] 



4— 



\ 



■4 



VTALTJlML | 1 h 



. 1 3 



1 ii 



1 2 
1/4 



1 4, 



/t-y**:»t:.-* 

TP 1 



1— 



1 6 



